Local level actions are crucial for achieving energy saving and greenhouse gas emission reduction targets. Yet it can be challenging to implement new policies and actions due to a lack of information, funding, and capacity at the local level-especially in developing countries such as China. Even though the Chinese government has set national energy and carbon intensity reduction targets, most local governments do not have sufficient knowledge regarding actions to achieve the targets, effectiveness and cost of policies, or how to design and implement a low carbon development plan.
Introduction
Local level action and leadership are crucial for saving energy and reducing greenhouse gas (GHG) emissions. In regions with national energy-saving and GHG emission targets, local action helps to achieve those targets, such as efforts by European Energy Cities, Climate Alliance and Covenant of Mayors. In the absence of national targets, local action such as the U.S. Conference of Mayors Climate Protection Agreement can be even more essential. Other groups coordinating local action span the globe, including the International Council for Local Environmental Initiatives (ICLEI) Cities for Climate Protection (CCP) campaign and the C40 Cities Climate Leadership Group of the world's largest cities [101] . New methodologies and strategies are emerging daily, as cities search for local responses to the global problems of excessive energy consumption and climate disruption [1] [2] [3] .
In China and elsewhere, innovative policies or practices can be relatively easily implemented at the local level because of the reduced scale and the possibility of exemption from national legislative bureaucracy. Local level actions can assist in proving the effectiveness of new policies or initiatives by demonstrating them at a smaller scale. Following success at the local level, the pilot policies or practices can be replicated to other localities or expanded to a national program. For example, China's Top-1000 Enterprise Program for energy saving drew upon the successful experience from a demonstration program implemented in two steel mills in Shandong province that was modeled after the voluntary agreements program in The Netherlands [4, 14] .
In the US, many states, cities, and counties have forged ahead with dedicated funding and strategic policies to promote energy efficiency and renewable energy. Specifically, eleven states in the US have rebate programs for energy efficiency initiatives with a total of over one thousand state, local and utility rebate programs [102] . Additionally, all but three states have at least one tax incentive program for renewable energy development, including personal, corporate, sales and/or property tax incentives [102] . Beginning in 1974, California established energy efficiency standards for buildings and appliances, de-coupled electricity and natural gas utility profits from sales to promote demand-side management, and set ambitious energy efficiency and, eventually, GHG emission reduction targets [103] [104] . As a result of these strong and innovative policies and programs, California's per capita electricity consumption has remained constant from the early 1970s to the present, and is currently about 40% less than the average per capita electricity use in the U.S. [105] . California's experiences have often been replicated or echoed in other states, and some of the policies eventually became national regulations. Many federal appliance standards today are the direct result of such state leadership [106] . In addition, the experience also demonstrates that the adoption of comprehensive energy and climate actions can stimulate the local economy and create green jobs [107] .
Despite the importance of local action, local government agencies may find it challenging to initiate and implement new policies and actions due to a lack of information, funding, and capacity. This is particularly the case in China. Even though the Chinese government has committed to reducing carbon dioxide (CO2) emissions by 40% to 45% from 2005 levels by 2020 [108] and has set national energy intensity and carbon intensity targets as part of the 12 th Five-Year Plan (12 th FYP) [109] most local governments do not have sufficient knowledge regarding actions to achieve the targets, the cost effectiveness of policies, the possible impact of policies, or how to design and implement a low-carbon development plan.
Recognizing the importance of low-carbon development for achieving national goals, the Chinese government announced a policy for establishment of low-carbon cities and selected five provinces and eight cities as pilots in August 2010 [123] . The five provinces are Guangdong, Liaoning, Hubei, Shaanxi and Yunnan; and the eight cities are Chongqing, Shenzhen, Xiamen, Hangzhou, Nanchang, Guiyang, and Baoding. The policy outlines the following activities:
 Develop a low-carbon development plan  Establish supporting policies to support low-carbon development  Establish low-emission industries  Establish GHG data collection and management systems  Promote low-carbon/green lifestyle and consumption model.
The national policy recommends these activities, but does not give detailed guidance on how the pilot cities should undertake them. Thus it is unclear what measures will be adopted.
As more attention is being paid to low-carbon cities in China in response to the national-level emissions reduction goals, many cities and counties are following the trend toward low carbon development. However, there is no consistent definition of low carbon and specific indicators have not been developed to help define such cities. Some supposedly low-carbon cities built wide roads; although lined with beautiful trees, the roads encourage more vehicle use [110] . Some cities exclude imported electricity from their carbon accounting, giving a false impression of their energy use and carbon emissions [111] . Thus, it is important to clearly define indicators, standardize the development process, and identify policies, programs, technologies, and measures that can be undertaken to realize carbon emission reductions (or carbon intensity reductions) in participating cities.
This article presents information for local governments in China on how to create an action plan to tackle climate change and increase energy efficiency based on a guidebook developed by Lawrence Berkeley National Laboratory (LBNL) and China's Energy Research Institute (ERI) [5] . It provides a simple step-by-step description of how action plans could be established and essential elements to be included-from preparing a GHG emission inventory to implementation of the plan. The guidance also provides a list of pertinent policies and best practices internationally and in China to encourage low carbon development in industry, buildings, transportation, power, agriculture and forestry. Where available, the GHG emission reduction potential and cost-effectiveness of policies are also provided. This guidance does not intend to provide independent evaluation or analysis of the GHG emission reduction or cost-effectiveness of each policy, but rather to provide information for the development of a climate action plan and related policies based on existing literature, documents and reports.
Definition and Measurement: Low-Carbon City Indicators
Indicators can be used to define a low-carbon city, to help cities explore their potential for carbon savings, to evaluate progress in implementing low-carbon development actions, and to compare or benchmark across cities. The LBNL/ERI effort to develop low-carbon indicators for Chinese cities began with identifying indicators that are commonly used in benchmarking programs, energy and GHG inventories, and ranking systems around the world. The next step was to assess the availability of data needed to determine metric development priorities. Finally, the adaptability of existing indicators to China was examined, as well as the relative importance of indicator categories.
China has committed to energy and carbon intensity targets for the 12 th Five Year Plan and a carbon intensity target for 2020. These targets are being disaggregated to provinces, cities and counties. However, the targets need to be further disaggregated by sector at the local level to evaluate the energy and carbon savings potential and to develop specific action plans. Indicators need to be identified to measure and track trends in GHG emissions or energy consumption.
Indicators can track information at the macro-level (aggregated indicators) as well as at the disaggregated level. A macro-level indicator can give an overall sense of a city's energy efficiency, or to what extent a city is low carbon. While aggregated indicators are fairly simple and allow for broad comparison, they do not isolate physical, structural and behavioral influences. In contrast, disaggregated sector-level indicators can provide far more information and can serve as the foundation for future planning and actions. However, the indicators chosen also need to be based on data availability. In developing countries such as China, data availability is particularly an issue due to the lack of survey mechanisms and the lack of transparency.
Indicators which are designed to measure improvements in CO 2 intensity or energy efficiency independent of economic growth or growth in production, use either an economic or a physical value for the denominator. For example, the energy intensity of cement production can be measured as energy use per unit of value added by the cement industry (economic metric) or energy use per ton of cement produced (physical metric). Economic metrics are typically used when aggregating across heterogeneous entities that do not produce comparable products (e.g. the entire manufacturing sector). Physical metrics are typically used to compare entities that have similar production outputs (e.g., firms producing cement). Analyses have shown that there is great variability in economic metrics-such as structural and activity effects-and that metrics based on physical values more accurately trace actual trends in emissions or energy intensity, even though the heterogeneity of the industrial sector can make development of such indicators difficult for some industries [6] [7] . As a result, there have been a number of efforts to develop suitable physical indicators [8] [9] [10] [11] [12] .
In examining numerous indicators of city-level low carbon development, the following categories of key indicators were identified:  Aggregated: energy or CO 2 per unit GDP, energy or CO 2 per capita or per land area  Structural: share of GDP and energy by end-use sector  Residential and Commercial Buildings: energy or CO 2 per floor area or per person; percent compliance with building efficiency codes  Industry: physical efficiency (energy or carbon per ton of product) and economic energy or carbon intensity (energy per unit value-added)  Power: CO 2 per kWh, share of renewable energy sources in electricity supply  Transportation: energy or CO 2 per person-kilometer traveled, urban density, public transit use, and kilometers of public transit per 100,000 population  Land Use and Waste Management: area share of mixed-use zoning (residential and commercial), area share of green space and agricultural land, waste generated per capita, and recycling rate of waste  Economic and Social: share of green jobs, income distribution, income per capita, and housing affordability Aggregated and structural indicators are commonly used to define whether a city is "low-carbon" or "energy-efficient" and to track actions taken to reduce energy use and emissions. There are, however, some issues to consider when using these indicators, which are discussed below.
Energy Intensity and Carbon Intensity (Energy/GDP and CO2/ GDP)
The ratio of energy consumption to gross domestic product (GDP) is used to measure the energy intensity of an economy. Similarly, economic carbon intensity is the amount of carbon emissions per unit of GDP. These are key indicators used in China's 12 th Five-Year Plan and announced internationally. An intensity indicator is appealing at the aggregate level, as it offers flexibility and utilizes sets of data already tracked: energy, carbon, and GDP. However, this is a mixed indicator, accounting for both physical energy efficiency and economic structure that influences energy consumption. As economic development proceeds, the economic energy intensity typically declines yet absolute energy use and carbon emissions still increase. Thus, there are significant limitations to the use of this indicator for tracking low-carbon development. Indicators distinctly focused on physical energy and carbon intensity, and on aspects of economic structure that affect energy consumption and carbon emissions, are encouraged to supplement or replace an economic energy or carbon intensity indicator.
Energy/capita and CO2/capita
Because energy consumption and carbon emissions can be strongly influenced by the size of the population, per capita indicators provide a better and more equitable basis for comparison across cities, provinces, and countries. This indicator is widely used in China and internationally. Highly aggregated per capita indicators, such as total energy or CO 2 per person, should still be used with caution, however. A city with heavy industry and small population, which supplies other cities with cement and steel, would have high energy per capita. Yet the people of the city might use relatively little energy in their residences. Thus it is important to consider residential sector energy per capita, and the energy structure of a city, as well as total energy or CO2 per capita.
Energy/land area and CO2/land area
Another measure of the energy or carbon intensity of a city can be a spatial measure, such as density per land area. This indicator is less common, but is being examined as cities consider how density of development influences energy consumption and carbon emissions.
Economic Structure: Sectoral shares of GDP (primary, secondary, tertiary)
Because different sectors of the economy have notably different energy and carbon intensity, economic structure is an important indicator of structural influences on consumption and emissions. Of many definitions of economic structure, the simplest and most often used in China is the share of primary, secondary, and tertiary sectors of the economy. The secondary sector represents industry and construction -the most energy intensive-while the tertiary sector represents commerce and servicefocused businesses such as Information Technology (IT), communication services, health care, and energy saving services. Even this fairly aggregated indicator can help cities identify areas for low-carbon development.
Energy Structure: Sectoral shares of energy consumption
Similar to an economic structure indicator, energy structure helps to identify areas needing extra attention for low-carbon development. Typical definitions of energy sectors include: industrial, residential, transport, agriculture and forestry, commercial, construction, etc. Data are most easily obtained for the first 3 sectors; often the remaining energy sectors are grouped into "other energy." The industrial energy sector coincides with the secondary economic sector, while the other energy sectors have overlap to different extents with other economic sectors.
The LBNL/ERI low-carbon city development guidebook presents additional information on indicators for each energy and carbon sector, including the industry, buildings, power, transportation, and waste sectors [5] . In addition, LBNL has developed a more robust indicator system to weigh and combine multiple indicators into a composite low carbon indicator for ranking and comparing Chinese cities [13] .
Steps for Low-Carbon Development Planning
The essential steps recommended for creation of low carbon development plans by local governments in China are commonly used in local climate action plans in cities throughout the world (for example, [112] ). For China, these steps will involve coordination among local economic and energy offices, with leadership from those under China's National Development and Reform Commission (NDRC) and the Ministry of Industry and Information Technology (MITT), as well as environmental offices involved in carbon policy.
The key steps are to gain leadership commitment, conduct an energy and carbon emissions inventory, set targets, choose policies and actions to meet the targets, create a low-carbon development plan, implement the policies and actions, and monitor, report, and verify progress on the actions. Each of these steps is discussed further below for local government offices unfamiliar with the planning process.
Leadership Commitment
The first essential step is to solidify the commitment of the city's leadership. With the city's attention turned to low-carbon development, and sufficient staff and resources committed to the effort, the city can successfully develop and implement its low-carbon plan.
Conduct Energy and Carbon Emissions Inventory
Since China's commitments are focused on carbon emissions, the inventory should cover the two main carbon-based GHGs: CO 2 and methane (CH 4 ). CO 2 is emitted primarily from burning fossil fuels but is also emitted from non-energy industrial processes (like cement production) and forest loss. Methane emissions arises from agriculture (especially rice production), animal husbandry, other land use, industry (e.g., coal-bed methane), and waste decomposition.
An emissions inventory is a best estimate of emissions from activities in the city or province -not a precise measurement. The emissions inventory should cover sources of CO 2 and CH 4 from the electric power, industrial, residential buildings, commercial buildings, transportation, land management (agriculture and other land use, rural and urban), and waste sectors. Key considerations for development of an emissions inventory are explained below.
Since some emission-generating activities may cross city boundaries, it is important to clearly define the scope of the emissions inventory, to know what emissions get counted by the city. Internationallyrecognized inventory protocols have defined three emission scopes: (1) direct, (2) indirect, and (3) associated emissions [112, 113] . Table 1 explains what emissions are included under each scope. City staff preparing the carbon emissions inventory must work with the local and provincial statistical bureau, with utilities supplying electricity to the city, with transportation and waste agencies, as well as enterprises. The basic emission sources and data needed are summarized in Table 2 . The energy and other data on emission sources and activities, combined with emission factors, yield a GHG emissions inventory. Figure 1 illustrates the different mix of fuels and sector emission shares in a U.S. city (Portland, Oregon) and a typical Chinese city. While Portland may not be typical in terms of its fuel mix for a U.S. city, it emissions inventory does show a higher reliance on electricity, natural gas, and gasoline than most Chinese cities. In contrast, GHG emissions from many Chinese cities are dominated by direct coal use, as well as coal-fired electricity. Portland's GHG inventory shows a commonly high share of transportation emissions (38%), followed by the commercial (25%) and residential (21%) sectors, then industry (15%). In contrast, GHG emissions of Chinese cities are dominated by industry (69%), with smaller shares of emissions from other sectors. The high share of industry is due in part to the jurisdictional boundaries of Chinese cities (more akin to a county in the U.S.), and even more so to the strong presence of heavy industry in many local economies in China.
Figure 1. Comparison of U.S. and Chinese City-level Carbon Inventories
Source: Based on Portland's Climate Action Plan, and author analysis of Chinese city-level energy end-use statistics.
Set Targets
Target setting involves choosing the type of target and the target value. Targets need to be measurable and reportable, so that progress toward goals can be tracked. A physical target is preferable-such as total CO2 emissions, or energy use, or amount of wind energy-because it can be measured and has a direct influence on the health of the city and province. Economic targets are also important. The target value is set by projecting energy and carbon in scenario analysis (Business-As-Usual Scenario, and Savings Scenario), and evaluating the impact of potential policies.
Choose Policies and Actions to Meet Targets and: Create a Low Carbon Development Plan
The savings potential from the policies will depend on the local situation (e.g., baseline inventory, mix of efficiencies in building stock, etc.). The cost will also depend on the local situation (e.g., energy pricing, renewable energy resources), as well as a typical unit cost. To choose which policies to implement, a city should first conduct a rough review of potential policies and actions, qualitatively considering estimates of savings and costs, followed by a more detailed, quantitative analysis of a shorter list of actions. The actions should be closely connected to the emissions inventory and scenarios, addressing each sector of the economy. Cities should also consider soliciting input from research institutes, the community, businesses, and government officials.
Implement Policies and Actions
In order to implement the identified policies and actions, it is important that specific organizations or other entities are identified and allocated responsibility for each policy and action in the low-carbon action plan. Funding for implementation must also be identified and allocated. Implementation work plans and timetables should also be established to set expectations and provide a means to measure progress. Finally, support for the implementation of the policies and measures, such as incentives (and/or penalties), training, and public outreach, should be established.
Monitor, Report and Verify Progress
Progress must be tracked with monitoring, including reporting and verification. Reporting on intensity must include data on energy use, carbon emissions, and data on economic activity, to verify the resulting intensity number. Public reporting of data, along with progress toward goals, focuses attention and effort from government, enterprises, and the public, and helps to achieve the targets. City government websites are an effective means for publicly tracking progress on energy, carbon, and lowcarbon economic development.
Policy Measures for Low Carbon Development
Because the heart of a low-carbon development plan is its actions, the guidance developed for Chinese cities also provides a menu of pertinent policy options and performance indicators. To assist local governments in prioritizing actions, the guidebook includes an estimate of each policy's potential for energy and carbon savings (the policy impact) and the relative implementation cost. Because energy and economic structures vary from city to city, the impact of the policies and associated costs also vary; each city needs to evaluate its particular circumstances in order to determine priorities and select most cost effective policies. Nevertheless, to assist local governments, each policy in the full guidance document is categorized into "High, "Medium" and "Low" in terms of potential energy and carbon savings, and in terms of implementation costs.
The guidebook includes policies and actions for low-carbon development in the following sectors: industry, buildings, transportation, power, agriculture and forestry, as well as cross-cutting policies (not focused on a specific end-use sector). For each policy or action identified in each sector, the following information is included, where available: Examples of policy categories and their significance in the building sector are shown in Table 3 and Figure 2 . A sampling of policy options for the industrial sector, along with their categorization of savings and costs, are show in Table 4 and Figure 3 . These tables and figures represent only a selection of the policy options examined in the guidebook. A quantified cost-benefit analysis of policies would further facilitate policy prioritization and implementation by local governments, but such an analysis was beyond the scope of the current effort. [114] Inspection and evaluation on compliance level both at design phase and construction phase X X Targets for existing building retrofit [14] m2 retrofitted X X Voluntary and negotiated agreements [15] Target achievement X X Standards Building Standards [115] X National
Level of the building codes; level of compliance X X Leading
Level of the building codes; level of compliance X X Appliance Standards [15, 16] Two excerpts are presented below to illustrate the policy information provided in the low carbon development guidebook. The first is an example of industrial sector policy experience for energy and carbon saving: energy management standards. The second is an example for the building sector: public sector leadership. Both of these policy examples are particularly pertinent for local government in China, where energy management standards are under development and action in government buildings and facilities has not yet been tapped.
Industrial Sector Policy Example: Energy Management Standards
Policy Description. Energy management standards are used to institutionalize continuous improvement in energy efficiency within industrial facilities. These standards are typically based on the "plan-do-check-act" approach with the goal of providing guidance to industrial facility managers related to how to structure their operations in a manner that continually identifies, adopts, and documents energy-efficiency opportunities. Energy management standards have been adopted in China, Denmark, Ireland, Japan, South Korea, the Netherlands, Sweden, Thailand, and the United States. While most of these standards include key elements such as establishing a management-appointed energy coordinator and developing an energy management plan, they are not uniform in their adoption of elements such as external validation or certification of claimed energy savings or the intervals for re-evaluating performance targets [20] . To provide more standardized guidance for energy management systems, the International Standardization Organization (ISO) recently published "ISO 50001: Energy management systems -Requirements with guidance for use" [21] . This standard will:
 Assist organizations in making better use of their existing energy-consuming assets  Offer guidance on benchmarking, measuring, documenting, and reporting energy intensity improvements and their projected impact on reductions in GHG emissions  Create transparency and facilitate communication on the management of energy resources  Promote energy management best practices and reinforce good energy management behaviors  Assist facilities in evaluating and prioritizing the implementation of new energy-efficient technologies  Provide a framework for promoting energy efficiency throughout the supply chain  Facilitate energy management improvements in the context of GHG emission reduction projects  Allow integration with other organization management systems (environment, health and safety).
Performance Indicator. The performance indicator for energy management standards is their level of adoption, as well as estimated efficiency improvement.
GHG Emission Reduction Potential . Participants in the Energy Agreement Programme (EAP) in
Ireland are required to obtain the certificate of the new Irish Energy Management System IS393 and to implement the standard to maximize energy-efficiency gains. As of 2008, 28 companies were certified with IS393 implemented onsite (1 in 2006, 9 in Cost-Effectiveness. Experience with implementation of energy management standards at two facilities in the US indicated cost-effective savings of 5% and 14%, respectively. It is estimated that use of energy management standards will result in approximately 10% cost-effective annual energy savings over 15 years [22] .
Discussion & Conclusions
Much work lies ahead to appropriately define and implement low-carbon development at the city level in China. Although China has announced a goal to achieve lower carbon intensity and to develop lowcarbon demonstration cities, there is still a strong need for methodologies, policies, programs, measures, indicators, and tools to achieve these goals. This paper, and the guidebook upon which it is based, provides an information resource for these efforts. The planning steps outlined in the paper can help cities shape a comprehensive effort and aim for climate-friendly city development. The policy options and categorization illustrated in this paper provide guidance for cities to take action.
Although beyond the scope in this paper, low-carbon indicators are also being examined and a new lowcarbon indicator system with a ranking scheme has been developed in order to provide clear metrics for tracking energy and carbon savings over time, as well as comparing progress among cities.
To date, the findings from the research have been presented in multiple workshops organized by China's central government as part of their low-carbon cities pilot project, as well as in training workshops for approximately 40 city mayors and practitioners in China. The participants were especially interested in the steps for development of a low-carbon plan and the policy matrix. Since the low carbon development plan was only introduced to Chinese policymakers over the last year and we are still working on training and building capacity of Chinese local policymakers, our guidance is still being considered and evaluated and has not yet been directly implemented. As the next step, we will be implementing the guidebook in the cities very soon and would also like to refine the guidebook if there is any feedback. The indicators work was recently started and has not yet been thoroughly introduced to and reviewed by local government yet, thus it is still too early to say which indicators are the most useful and relevant to local governments.
Chinese local government's interests in low carbon development are very recent (due to introduction of national policy in August 2010) and without specific policies and initiatives in place, we cannot measure how much the guidance has led to a reduction in GHG emissions. Without local GHG emission inventories, it will also be very difficult to measure reductions against a baseline. This is the purpose of our work and we hope to be able to help Chinese policymakers quantify GHG reductions not only from low carbon development, but from various other policies as well.
In conclusion, the impact of our guidebook to the policy making in China is till yet to be seen, as the low carbon city efforts in China are very new and policies and initiatives are still being developed and shaped. However, the policymakers' enthusiasm and willingness to participate in the trainings and workshop suggest that this guidance will be incorporated into their policy development.
Future Perspective
As more attention is being paid to low-carbon cities and in response to China's national-level energy and carbon intensity reduction goals, many other cities or counties are also following the trend toward low-carbon development that is being initiated through the recently announced policy for establishment of low-carbon cities in China.
With the increasing interest from localities wanting to adopt the methodologies presented, the next step is the implementation of the steps outlined in the guidebook to selected cities. Based on the feedback and experience, the guidebook can be further improved and tailored to the Chinese situation and be used by as many cities as possible in order to assist both the achievement of the carbon intensity goal and to ensure the successful implementation of the low-carbon city program.
